Abstract: The investigations of habitat conditions on the variability of selected population features in the two invasive, annuals with different life-history traits were conducted in the years [2008][2009][2010], in the Polish part of the Carpathian Mountains in communities characterized by the gradual decrease of light availability. The individuals of Impatiens glandulifera were surveyed along roadsides, in willow thickets, as well as inside and along the edges of the riparian forest, whereas the individuals of Bidens frondosa were observed in riverside gravels characterized by a different species composition. Each year, the number and density of individuals (stems) occurring in the particular sites were examined, as well as the height and the fruit production in 30 randomly chosen stems were surveyed. Moreover, the number of seeds per fruit, the diaspore dimensions and the seedling recruitment in laboratory conditions were examined during each season. As the values of height of individuals, number of fruits per stem, number of seeds per fruit, as well as the seedling abundance in some groups were not consistent with the normal distribution and the variances were not homogeneous, the non-parametric Kruskal-Wallis test was used in statistical analyses. Much greater number and density of individuals of Impatiens glandulifera were found in riparian forest, than in willow thickets and along the roadsides. In all sites the number and density of individuals increased steadily in consecutive seasons. The great number and density of Bidens frondosa individuals observed in shady and partly shady sites during the first year of studies raised in the second year and subsequently dramatically decreased in the third season. The lowest number and density of individuals noted in the first season in unshaded site raised substantially in subsequent years. The height of stems, as well as seed and fruit production of both taxa diminished with a decrease of height of neighboring plants. The seed dimensions presented the spatial and temporal variability, whereas the number of seedlings among consecutive years and in successive sites did not differ. The considerable height of the individuals of Impatiens glandulifera, high production of large fruits and seeds in open and dry roadside areas can contribute to more effective ballistic dissemination, while substantial seedling recruitment enables the colonization of new, perhaps more advantageous sites. On the other hand, lower individual height, as well as fruit and seed production and considerable seedling emergence allow the population to last and to gradually extend the area in forest communities. The considerable abundance of the high-statured Bidens frondosa individuals, substantial production of large capitula and achenes contribute to long persistence of populations in open and sun-lit sites. The gradually decrease in the height of the stems, achene number and size observed in partly-shaded and shaded places might allow to long-distance dispersal of seeds by animals, while substantial seedling recruitment might contribute to establishment in new areas.
Introduction
The invasion of non-native species, which has become more intense since the second half of the 20th century, continuously contributes to the elimination of native taxa, a decrease in the biodiversity of communities and degradation of numerous ecosystems worldwide (Pyšek & Richardson 2010; Vilá et al. 2011) . The studies of various aspects of the biology of invasive species populations make it possible to determine the possibility of the population's survival at the colonized site and the prospects for their further spread. The results of the research may form a basis for the development of more effective methods of elimination these species, thus improving the condition of some types of habitats (Sakai et al. 2001) . So far, most attention has been devoted to the observations of invasive clonal plants. The main trends of research focused on the analysis of population dynamics and structure (Aule & Brandl 1997) , the influence of genet integration on the effectiveness of photosynthesis and biomass allocation (Wang et al. 2008) , the trade-off between growth and reproduction (Brown & Eckert 2005; Lambrecht-McDowell & Radosevich 2005; Xiao et al. 2011) , the effectiveness of 450 K. Kostrakiewicz-Giera lt & M. Zając asexeual and sexual propagation in different conditions (Dietz et al. 2002; Riis et al. 2010 ) and determination of the genetic variability level (Li et al. 2006) . Simultaneously it should be pointed out, that perennial nonclonal species have been examined to a lesser degree (e.g., Dietz & Ullmann 1998; van Kleunen & Johnson 2005; Pergl et. al. 2006) . Research on annual invasive plants focuses on various sexual reproduction aspects, shaping the dynamics of the population. At present, the number of studies concerning flowering phenology (Suzuki et al. 2007 ), fruit and seed production (MolinaMontenegro et al. 2008; Rinella et al. 2010) , propagule size (Fumanal et al. 2007 ) and seedling recruitment (Fumanal et al. 2008) . Despite growing interest in the aforementioned issues, the present state of knowledge on numerous taxa remains unsatisfactory. In connection with this insufficient level of knowledge, it was attempted to examine the influence of habitat conditions on performance of Impatiens glandulifera Royle and Bidens frondosa L. -the most invasive species in Europe (Lambdon et al. 2008) , characterized by different life history traits. The specific aims concentrated on: (1) the evaluation of abundance of individuals in study sites, (2) the estimation of height of individuals, (3) the observation of fruit and seed production, (4) the examination of diaspore dimensions and seedling recruitment.
We hypothesized that: -the abundance of Impatiens glandulifera and Bidens frondosa individuals differ among years and sites -the stem height, fruit and seed production, diaspore dimensions and germination ability of Impatiens glandulifera and Bidens frondosa individuals do not differ significantly in consecutive years -the height of stems of both species, fruit and seed production, as well as diaspore dimensions and seedling recruitment increase from open habitats, via mild-shaded places, to crowded and shaded sites.
The studied species
The Himalayan Balsam Impatiens glandulifera Royle is one of the tallest invasive species, which can reach up to 2-3 metres under favourable conditions. The stem, di- vided into nodes and internodes, is thick and hollow. Lanceolate serrate leaves on the main stem grow in three-leaf whorls, while the leaves on side stems are arranged in an alternate manner. The shallow root system reaches a depth of 10 to 15 cm. Large flowers, 2.5-4.0 cm long, have a dorsiventral symmetry, and they are pink, white or purple. Insect-pollinated flowers are borne on the umbel-shaped inflorescence. A club-shaped fleshy capsule 1.5-3.5 cm long and 0.5-1.5 cm wide containing on average 5 to 6 seeds in the fruit. Round and slightly flattened seeds, 4-7 mm long and 2-4 mm wide are ballochoric (Berling & Perrins 1993) . Seed dormancy can be broken by means of cold stratification, consisting in keeping the imbibed seeds at a temperature of 4
• C for three months. Seed germination can also be accelerated by gibberellic acid and seed shell scarification (Fitter & Peat 1994) . Impatiens glandulifera is native to the humid-moist part of the subtropical climate zone at mountain areas with moderate monsoon effects. The individuals are thermofrequent but in direct sunlight they are rather rare. The plant grows in alluvial rainforests and clearings, at higher altitudes in tall herb fringe communities along mountain brooks, along dikes and borders of roads. The European range of Impatiens glandulifera covers temperate areas. It is most frequent along rivers and in flood plain vegetation, mostly in the willow bushes and alluvial willow-poplar forests, as well as in tall herb fringe communities (Balogh 2008 ).
Devil's Beggarticks Bidens frondosa L. is a tall plant reaching up to 160 cm. They have green or purple stem branches at the upper or middle section. Anthodia consisting of numerous small, dark yellow, tubular flowers grow at the top of the stem and its branches. 
Material and methods
The research was conducted in the Polish part of the Carpathian Mountains in communities characterized by a different species composition. The investigations of Impatiens glandulifera individuals were carried out at five sites by roads occupied by herbs with different architecture, in willow thickets, as well as inside and along the edges of the riparian forest (Table 1 ). The observations of Bidens frondosa were conducted at three sites in river gravel yards in sun-lit site with limited flora abundance and with a prevalence of taxa with delicate, creeping shoots, in partly shaded site with low species diversity with a high participation of high perennial plants, as well as in a shady place with high species diversity predominated by high perennial plants and shrubs (Table 2 ). In the year 2008 all study sites were bordered, while their area were measured. Subsequently, the average height of vascular plants was evaluated on the basis of measurements of 20 randomly chosen stems of different species performed using a folding tape measure. The estimation of the vascular plant cover, as well as moss and lichen cover were performed from 3 rd to 11 th of August 2008. Altogether, 50 measurements per site were taken using the aluminum frame (30 cm × 30 cm) in randomly chosen sites. Each time, the percent of ground surface covered by vascular plants/moss and lichens within the frame were estimated. The light intensity at the soil level was surveyed with a digital light meter Voltcraft MS-1300 (accuracy +/− 5% + 10 digits; measuring range 0.01-50 000 lx). In total, 10 measurements per site were taken between 12 th and 28 th of August 2008. Five measurements were performed in the sunny days and the other five in the clouded ones. The statistical analysis performed using the H Kruskal-Wallis test showed that the study sites differed significantly in values of the height of vascular plants cover and the light intensity.
The investigations of performance of Impatiens glandulifera and Bidens frondosa within the bordered study sites were conducted in the years [2008] [2009] [2010] . Each year, all individuals (stems) occurring in the particular sites were inventoried in August. In all sites the density of individuals understood as the number of stems per m 2 were calculated. This parameter is particularly useful for comparison of population size in sites with different area. Next, 30 randomly chosen stems were marked with plastic rings. The individuals with rings were measured and all the fruits were counted. In order to avoid re-counting each counted fruit was marked with fluorescent marker. The number of seeds was surveyed in 30 randomly collected fruits. To perform biometric tests of the seeds, 30 capsules of Impatiens glandulifera and 15 Bidens frondosa capitules were sampled in the third week of September of each year. The length and the maximum width of all the seeds were measured with a caliper. To verify the seedling recruitment 500 mature seeds were collected from each population of Bidens frondosa and Impatiens glandulifera in each vegetative season. The seeds were then placed in potable water to imbibe. The imbibed Impatiens glandulifera seeds were subjected to cold stratification by placing them in a refrigerator at a temperature of 4
• C for three months. The seeds from each Bidens frondosa and Impatiens glandulifera population were sown in groups of 50 into 10 pots filled with "Geovita" soil placed in a greenhouse with a constant temperature of 30
• C, at 12/12 h day/night treatment. The pots were watered three times a week. Seedling recruitment was observed three times a week (every two days) for a period of one month. The newly formed seedlings were removed each time.
The statistical analysis
The statistical analysis was carried out on untransformed data of height of individuals, number of fruits per stem, number of seeds per fruit, as well as the seedling abundance. Firstly, the normal distribution of the untransformed data was tested using the Kolmogorov-Smirnov one-sample test at the significance level of P < 0.05. Subsequently, the variance homogeneity was tested using the Brown-Forsythe test at the significance level of P < 0.05.
As the values of height of individuals, number of fruits per stem, number of seeds per fruit, as well as the seedling abundance in some groups were not consistent with the normal distribution and the variances were not homogeneous, the non-parametric Kruskal-Wallis test was used in statistical analyses. All the analyses were performed with STA-TISTICA (version 10) software.
Results

Impatiens glandulifera
A considerable number of individuals were registered in the riparian forest (97-217) and along its edges (43-94), while smaller populations occurred in sites located along roadside areas (38-85) and in willow thickets . The similar pattern presents the density of individuals per m 2 . In the riparian forest it achieved from 1.38 to 3.10 individuals, along the roadside areas it reached from 0.63 to 1.70, in forest edge it ranged from 0.57 to 1.25, whilst in thickets it amounted from 0.55 to 1.26. In all study sites the number and density of individuals increased steadily in successive seasons (Table 3). Individuals growing along roadside areas were considerably larger (130.2-181.1 cm) than those growing in willow thickets (112.3-143.7 cm), along the edge of the forest (129.9-146.6 cm) and in the riparian forest (127.6-135.5 cm). Plants established along roadside areas produced more fruits (93.0-123.8) than individuals occurring in willow thickets (33.2-45.6), at the edge of the forest (54.3-60.1) and in the riparian forest (48.9-51.2). Also, the largest seed production per fruit observed along roadside areas (7.8-9.3) decreased gradually to reach the lowest values (4.6 to 5.4) in the riparian forest (Fig. 1) . The height of stems, fruit and seed production did not showed the temporal variability but Fig. 1 . The average height of individuals, the average fruit production per generative stem, the average number of seeds per fruit of Impatiens glandulifera Royle individuals in the years [2008] [2009] [2010] . The diagrams present the average (square), SE (box) and SD (whiskers). Abbreviations: R1, roadside dominated by herbs forming upright stems and narrow leaves; R2, roadside dominated by herbs creating several branches and wide leaves; T, willow thickets; EF, riparian forest edge; F, riparian forest inside.
they presented the considerable spatial diversity (Table 4). The largest seeds were produced in populations occupying roadside areas, while the smallest propagules were formed in the riparian forest (Table 5 ). The diaspore dimensions presented significant temporal (Tables  6, 7 ) and spatial variability (Tables 8, 9 ). The recruitment of seedlings derived from seeds collected from the successive sites and in consecutive seasons stayed similar (Table 10) .
Bidens frondosa
The great number and density of Bidens frondosa individuals observed in shady and partly shady sites during the first year of studies raised in the second year and subsequently dramatically decreased in the third season. The lowest number and density of individuals noted in the first season in unshaded site raised substantially in subsequent years (Table 11 ). The tallest individuals were observed in an unshaded area (150.7- Abbreviations: R1, roadside dominated by herbs forming upright stems and narrow leaves; R2, roadside dominated by herbs creating several branches and wide leaves; T, willow thickets; EF, riparian forest edge; F, riparian forest inside. Table 7 . The temporal variability of width of seeds of Impatiens glandulifera Royle. The asterisks show the statistical significance of differences at the level ≤ 0.05 (*), < 0.01 (**), < 0.001 (***); ns -not significant differences (The H Kruskal-Walis test; df = 4). Abbreviations: R1, roadside dominated by herbs forming upright stems and narrow leaves; R2, roadside dominated by herbs creating several branches and wide leaves; T, willow thickets; EF, riparian forest edge; F, riparian forest inside. Abbreviations: R1, roadside dominated by herbs forming upright stems and narrow leaves; R2, roadside dominated by herbs creating several branches and wide leaves; T, willow thickets; EF, riparian forest edge; F, riparian forest inside. Table 9 . The spatial variability of width of seeds of Impatiens glandulifera Royle. The asterisks show the statistical significance of differences at the level ≤ 0.05 (*), < 0.01 (**), < 0.001 (***); ns -not significant differences (The H Kruskal-Walis test; df = 4). Abbreviations: R1, roadside dominated by herbs forming upright stems and narrow leaves; R2, roadside dominated by herbs creating several branches and wide leaves; T, willow thickets; EF, riparian forest edge; F, riparian forest inside. 159.8 cm), significantly shorter stems occurred in a partly shaded site (49.7-57.9 cm), while the lowest shoots were found in a shady location (39.3-49.6 cm). The highest capitula production was observed in a sunheated area (50.7 to 58.0), while the lowest fruit number was noted in a shady place (35.7 to 39.6). The number of seeds per capitula found in the sunny place (46.0 to 50.1) considerably exceeds that recorded for the partly shady area (33.8 do 45.6) and the shady area (16.6 to 28.9) (Fig. 2) . The height of stems, fruit and seed production, as well as the diaspore dimensions did not showed the temporal variability but they presented the substantial spatial diversity (Tables 12). The largest seeds were produced in the sunny area, while the smallest propagules were observed in the shady area (Table 13). The diaspore dimensions presented significant temporal (Tables 14, 15 ) and spatial variability (Tables 16, 17). The emergence of seedlings derived from seeds collected from the studied sites and in consecutive years remained similar (Table 18) .
Discussion
Impatiens glandulifera
The performed observations showed that the number of the Impatiens glandulifera individuals was considerably higher in the riparian forest than in other habitats. A low number of the Impatiens glandulifera individuals in the forest edge might be caused by physical damage, while low abundance of plants in the thickets may be caused by seasonal flooding of the seeds in hollows with stagnant water. The unfavorable effects of stagnant water on the development of individuals of this species have been observed by Perrins et al. (1993) and Skálová et al. (2012) . On the other hand, the moderate abundance of individuals occurred along sunny roadside areas might be caused by drying the seeds. Such unfavorable influence of water deficiency on population size was previously observed in Impatiens pallida (Bennington & McGraw 1995) . The obtained results might suggest that the smaller populations might be also younger. The lower number of individuals observed during colonization of new area and subsequent raise of population size were observed in several annuals occurred in wide range of habitats (Falińska 2002) . The recorded steadily increase of number of individuals in consecutive years might suggest the lack of dramatic disturbances in studied sites, such as inundations, drought, slug predation or viral diseases (Prowse 1998; Kasperek 2004; Kollmann et al. 2007 ). Moreover, the increase of number of individuals in open sites might be due to great fecundity of individuals. The performed observations showing substantial production of fruits and seeds in sites dominated by low stature species correspond with the results obtained by Willis & Hulme (2004) . The aforementioned authors noted a considerably higher reproductive ability in individuals growing in sunny areas than with those in shady sites. An increase in the individual reproductive ability in sites characterized by a lower number of neighboring species was found in Impatiens capensis (Schmidt et al. 1987) and Impatiens parviflora populations (Piskorz 2005) . The greater fruit production in open sites than in closed habitats might be caused by better accessibility of flowers Impatiens species for pollinators, which are small-sized Syrphidae and Apidae Table 12 . The spatial variability of height of individuals, fruit production per generative stem, and number of seeds per fruit in Bidens frondosa L. in the years 2008-2010. The asterisks show the statistical significance of differences at the level ≤ 0.05 (*), < 0.01 (**), < 0.001 (***); ns -not significant differences (The H Kruskal-Walis test; df = 2). Abbreviations: SH, shaded gravel; PS, partly shaded gravel; UNS, not shaded gravel. Table 14 . The temporal variability of lenght of seeds of Bidens frondosa L. . The asterisks show the statistical significance of differences at the level ≤ 0.05 (*),< 0.01 (**), < 0.001 (***); ns -not significant differences (The H Kruskal-Walis test; df = 2). Abbreviations: SH, shaded gravel; PS, partly shaded gravel; UNS, not shaded gravel. (Nienhuis & Stout 2009; Vervoort et al. 2011) . On the other hand, the obtained results documented that even much lower fruit production in thickets and forest also might contribute to substantial increase of individual abundance. Performed observations showed that larger seeds were produced in roadsides characterized by great irradiance level, than in partly shaded willow thickets and shaded edge and inside of riparian forest. These results suggest that higher level of intercepted solar radiation increased seed dimensions. On the other hand, Willis & Hulme (2004) argued that seed mass was negatively correlated with the heat sum over the period of seed maturation. Regardless of temporal variability of seed dimensions observed in all sites, each year the considerable establishment of seedlings was recorded. The high emergence of seedlings originated from seeds collected in different sites confirmed findings of Perglová et al. (2009) . In light of performed investigations, it might be concluded that the considerable establishment of seedlings observed during experiment might also contribute to increase of abundance of individuals in natural conditions. The relatively low height of Impatiens glandulifera individuals observed in forest and thickets communities can be caused by intraspecific competition for light, water and nutrients, which becomes more intense with the increase in population size. Andrews et al. (2005 Andrews et al. ( , 2009 observed that the small size of forest populations and a decrease in intraspecific competition for resources contributes to an increase in the height of the individuals. Reduced height can also be caused by being shaded by neighboring species. Furthermore, being entwined in plagiotropic shoots of Galium aparine, Humulus lupulus and Calystegia sepium may have contributed to the inhibition of growth of Impatiens glandulifera in forest communities (Prah 1994). Also, Maule et al. (2000) found that light availability is likely to be the primary factor limiting total plant biomass in woodlands.
On the other hand, Strømme (2012) and Skálová et al. (2012 Skálová et al. ( , 2013 observed that individuals grown under controlled conditions in artificially shaded places are significantly taller than those growing in greater light availability. The aforementioned authors claimed that tall stature provides this species with a considerable advantage in terms of light acquisition. An increase in the height of stems resulting from considerable shadiness was also observed in Impatiens pallida (Murphy et al. 2009 ) and Impatiens capensis populations (Dudley & Schmidt 1995 , 1996 Donohue & Schmitt 1999; Weing et al. 2004 Combining performed observations and data from literature on the effectiveness of ballistic seed dispersal compared to the height of stems and the weight of seeds of Impatiens glandulifera (Chapman & Gray 2012) , it might be concluded that the considerable length of the individuals and increased production of fruits and large seeds in open and dry sites can contribute to more effective seed dispersal, while substantial seedling recruitment enables the colonization of new, perhaps more advantageous sites. On the other hand, a decrease in the height of the individuals, fruit production and the size of seeds, as well as the considerable seedling emergence in forest communities makes it possible to stay at the colonized site and to gradually extend the area occupied by the population.
Bidens frondosa
The steadily growing number of individuals of Bidens frondosa occurred in sunny places dominated by small species with low competitive abilities is not consistent with observations conducted in Bidens pilosa populations (Cui & He 2009 ). The aforementioned authors found that individuals colonize fertile areas under the canopy of shrubs more frequently than the gaps between them. The observed increase of number Bidens frondosa individuals in open site might be caused by the greatest production of fruits and seeds. Observations showing larger production of fruits and seeds in sunny places compared to shady sites are in accordance to observations carried out in populations of Sonchus arvensis (Zollinger & Kells 1991) , as well as Senecio vulgaris (Baumann et al. 2001) . At the same time it should be add, that performed studies do not correspond with the results of research on Bidens pilosa populations (Chivinge & Shweppenhauer 1995) , which showed a similar reproductive ability in individuals regardless of the presence of competitive species. The gradual augmentation of number of individuals in open sites might be also influenced by production of larger seeds, than in shady places. The similar impact of irradiance level on mass of seeds was observed in Helianthus annus (Santalla et al. 2002) . Moreover, the differentiation of achene dimensions and mass in various site conditions was found in several taxa from Asteraceae family (Washitani & Nishiyama 1992; Meyer 1997; Meyer & Carlson 2001; Gravuer et al. 2003; Riba et al. 2005; Fumanal et al. 2007 ). Regardless of substantial differences of size of Bidens frondosa seeds among consecutive sites and years the recruitment values did not showed the spatial and temporal variability. The obtained results showing the considerable recruitment of Bidens frondosa seedlings were confirmed by earlier research conducted by Gubertová et al. (2001) . In light of performed studies it might be stated that successful seedling recruitment might influence on increase of number of individuals in natural conditions. Simultaneously, it should be added the observed decrease of number of Bidens frondosa individuals in shaded and partly shaded sites during last study season might be result of disturbance such as seasonal flooding. Such phenomenon was previously noted by Kasperek (2004) .
The result of the research showing the occurrence of higher Bidens frondosa stems in sunny sites than in partly or completely shaded sites corresponds with experiments conducted in populations of closely related species -Bidens radiata and Bidens tripartita (Wisskirchen 2006) . Individuals of the aforementioned species show a significant reduction in the height of stems as a result of a decrease in the period of light during the day. The increase of plant height in effect of augmentation of light availability was also recorded in Ammannia coccinnea (Gibson et al. 2001 ). In contrary, the decrease of stem length with increasing neighborhood density was found in Ambrosia artemisiifolia (Paquin & Aarssen 2004) .
On the basis of results of performed studies and published data (Graae 2002; Römermann et al. 2005) , it can be concluded, that an increase in the stem length, fruit and seed production, as well as in seed dimensions and considerable seedling emergence enable persistence of Bidens frondosa population in open and sun-lit sites. Simultaneously, it should be add that a decrease in the height of the stems and achene size in partly-shaded and shaded places might contribute to long-distance dispersal of seeds by animals, while the substantial seedling recruitment allows to successful colonization of new areas.
